The Interactive Classroom
"Wouldn't it be great if lecture theatres had a bank of screens at the rear, allowing a lecturer to see what students were thinking?", asked Prof Phil Race during one of his recent workshops on the teaching of large groups. Besides the fact that the images displayed would probably include beaches, beer and bodies, rather than mathematical symbols, there are at least three further problems:
• students don't like having electrodes implanted in their brains • the lecturer would be overloaded by all the information on multiple screens • interaction between lecturer and students is not promoted by the screens An interactive classroom addresses these problems and many others! Firstly, a less painful way of probing the minds of students during a live class is to ask them questions, but the problem remains as to how you deal with the answers. They could be written down, discussed in groups, given by selected volunteers and so on. A Mathematics Interactive Classroom Kit (MICK), used with the software product Discourse, helps gather responses to questions from all students, presents them to a lecturer in a more manageable form, enables group feedback to be given and allows all students to ask questions anonymously if they do not understand. The opportunity for students to give anonymous answers and ask anonymous questions encourages the weakest students to participate without fear of embarrassment. Objective questions can be marked automatically with or without immediate feedback to students. The lecturer can see how well the class is progressing while questions are still being answered.
Expressing all this another way: the bank of screens is designed to give immediate feedback to the lecturer. Computer assisted assessment is a more practical use of technology for giving immediate feedback to students, but what if you want immediate feedback for both lecturer and students? What tools are available to help a lecturer make live classes more interactive? A conventional Powerpoint presentation or an interactive whiteboard do not fulfil that role. An interactive classroom does.
A Classification Scheme
I have found it convenient to classify my own use of interactive classrooms into four types as illustrated in Fig 1. A Rudimentary Interactive Classroom Kit (RICK) involves the basic use of a group response system with handsets, such as Personal Response System (PRS) [1] and Classroom Performance System (CPS). For example, plain text MCQs or simple numeric questions are easily presented in PRS (Fig 2) , but a second screen is normally required, for example to display mathematical symbols or diagrams. A Dynamic Interactive Classroom Kit (DICK) provides a much slicker method for delivering questions via a group response system by eliminating twin screens and allowing greater class interaction.
Its main benefits are:
• integrated delivery within existing Powerpoint presentations • simplified operation using a single key or mouse click • dynamic display of results (described below) • display of feedback on the correct answer • dynamic student feedback (described below)
The DICK software I have been using is called RxShow, which can be used with a range of different handsets including PRS. An interactive classroom is often used most effectively when 'peer supported learning' (PSL) ( Dynamic student feedback is an intriguing idea. RxShow allows selected slides to be specified as questions within a Powerpoint presentation. What about the other slides, which deliver straight content? Can they be made interactive too? One way of maintaining student focus is to include a numeric box on every slide, which continuously displays the 'mean student level of understanding' (or any other property) on a scale from 0 to 9. Students keep pressing their handset buttons to record how well they are following the class. While I have tried this out successfully at the beginning and end of a lecture, I have not yet been daring enough to include this option on all slides! Indeed do lecturers really want such real-time feedback?
The other type of interactive classroom, which I use, is the Classroom Communication System (CCS) [2, 3] . This allows two-way electronic communication between lecturer and students (Fig 4) . It may seem obvious, but it does need to be emphasised, that a CCS should support and not replace normal means of human communication. Classtalk was an early CCS for use in mathematical subjects, but it was rather clunky. The CCS software tool which I have been using is called Discourse. It is either delivered in a computer teaching lab via 20 networked desktop PCs (NICK) or via a mobile, wireless system of 9 tablet PCs (MICK). Just to cause confusion, the 'M' in this context stands for Mobile rather than Mathematics (and at other times I use it to stand for Managed!) RICK, DICK, NICK and MICK have become convenient acronyms for my classification scheme (Fig 1) . 
Questions and Answers
The Maths Café, which provides informal mathematics support for students at the University of Portsmouth, recently ran a Christmas Quiz sponsored by a wellknown pizza company. Suppose we take a simplified quiz question and deliver it to students in a Discourse interactive classroom (Fig 5) .
Each student can use the slider to select a numeric answer between 1 and 25. shows how students can enter algebraic answers using a special input tool (left) and how a lecturer sees them together with an optional explanation (right). Once again, the lecturer can decide how to proceed: moving on to the next question, displaying correct or incorrect answers or displaying interesting or false explanations.
Class Structure
A group response system with handsets can be used in many different ways, from asking the occasional question within a lecture to a continuous set of questions, as might be used during a revision class. The same applies to the use of a classroom communication system such as Discourse, but with many more question (exercise) types and delivery options available, the structure of each class can vary considerably. Table 1 shows some of the variety possible during a Discourse CCS session. In practice, Discourse classes are better kept simple and the extremely full class in Table 1 would almost certainly overrun! It begins with the lecturer sending "straight content" to each of the student PCs. This would normally be text and mathematical equations, but Powerpoint slides and Web pages are easily included. Next, several MCQs are asked. These may be discussed under lecturer control (for example using peer-supported learning), or delivered in a self-paced mode corresponding to traditional CAA with marking of individual questions and a final report. In the latter case the lecturer takes control at the end of the pre-test and is able to give group feedback. The benefit of using MCQs is that it is easier to analyse the responses and give feedback. The drawback of not knowing whether students guessed could be overcome by adding an explanation field.
Following the test the lecturer could use an open-ended question to ask for any questions. In practice, this would normally be done more traditionally, but it does illustrate the fact that: a) student questions can be asked and then recycled to the rest of the class anonymously b) a CCS involves two-way electronic communication -a lecturer may ask students questions and students may ask a lecturer questions
The main session exploits a wide variety of question (exercise) types. I provide a couple of examples to illustrate how two of these could be used in a mathematics class. Fig 10 shows An interesting extension to the FIB question is the "routing" question. The main difference is that the sequence in which blanks are filled is not left-to-right and top-to-bottom, but may move in any pre-defined 2D pattern. This is extremely useful in guiding students through numerical calculations, algebra or even simple diagrams. Although Discourse allows mathematical equations to be entered via its input tool, the alternative routing approach involves the creation of an "electronic worksheet". The idea here is to mimic the distribution of a paper-based skeleton worksheet, which students have to complete. The traditional approach would be for the lecturer to walk around the class, look over random shoulders and then try and give helpful feedback to everyone else. In the electronic version, the lecturer can see at a glance how far students have progressed through the worksheet and how well they are doing. The options for giving feedback with or without lecturer intervention are the same as a FIB question. Fig 11 shows the student view of an electronic worksheet. Rather than disturbing the rest of the class, students could be invited to enter questions electronically in the explanation box. The lecturer could then choose whether to respond verbally or electronically. A CCS, such as Discourse, provides a wide range of tools, which a lecturer can choose to use or ignore and stick to more traditional methods. Not all questions need to be as involved as a routing question or even a multiple-choice question. A welldocumented technique for concluding a class is to ask students to write a "five-minute paper" summarising what they have learned in the class, or alternatively, to ask what they have understood least. Open-ended questions like these are easily asked, allowing answers to be collected anonymously and discussed either immediately or at the next class.
Advanced CCS Delivery
There are potentially even more powerful ways of using the Discourse CCS. Questions can be delivered alongside a specified Web page and students must study the page(s), in order to help them answer a question or to provide further background. Fig 12 shows an example from a simple class on inequalities, which linked to a page from the excellent NRICH site.
This approach could be taken further by delivering CCS questions alongside an on-line course, say in WebCT.
Another approach is to get students to use mathematical software while answering interactive questions. I have tried this out in a first year problem solving class, which teaches students to use Maple. Discourse can simply be used to monitor whether students can use the software or to guide them through the solution of extended problems.
Questions about Questions
There are many questions raised by the use of live questions in an interactive classroom. Some have relatively straightforward answers; others do not and are still under investigation. Some relate to the technology and others the pedagogy. Some focus on the barriers to use of interactive classrooms, others focus on how existing tools can be used most effectively. 
